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The frequency of thromboembolic compUcathms in bum patients has been 
esti m at ed to range from 0.4% to 7%. The clinical significance of these 
events b often debated and has prompted some centers to adopt the 
routine prophylactic use of low dose heparin prophylaxb. A 10 year 
review of 2,103 bum patienb treated at thb Instltntion was undertaken. 
Twenty-five (1-2%) patienb, with a mean age of 40.0 years and an 
average bum aiae of 49J% total body surface area (TBSA), were 
identified as having significant pulmonary thromboembolbm (FTE). In 
only 3 (0.14%) patienb was the thromboemboUsm considered to be a 
caoae of death. Nineteen (0.9%) patienb, with an average age of 36.7 
yean and a mean bora she of 4S.3% TBSA, developed clinieally evident 
deep venous thrombosb (DVT); however, in only I (0.05%) patient did 
the dbeam progrem to fatal PTE. 

A review of the literatare reveals a 0.6% to 5% inddenoe of comifiica- 
tkms related to low dose heparin therapy whidi indudes bleeding, 
thrombocytopenia, and arterial thrombosb. We fed that the infrequency 
of cBnically si gnific a n t PTE and DVT In bum patienb and the compandiie 
or greater rate of compileatiotts asMidated with heparin pn^hylaxb 
mitigate against the routine use of low dose heparin therapy except In 
patienb at high risk for these evenb. 


Estimates of the frequency of thromboembolic complications 
following thermal injury range from 0.4% to 7%. Mechanical 
and pharmacologic methods of prophylaxis have been em¬ 
ployed in attempts to reduce the incidence of this complication. 
Mechanical measures have included early mobilization, elastic 
wrapping, or application of pneumatic compression devices to 
the lower extremities. In addition, elevation of the foot of the 
bed and avoidance of inadvertent pressure on the lower extrem¬ 
ity during surgery and in the postoperative period have been 
suggested. Recommended preventive pharmacologic measures 
have included low dose heparin, warfarin, aspirin, and various 
dextran solutions [1]. 

Characteristic physiologic alterations which occur in ther¬ 
mally injured patients would appear to place them at signifi¬ 
cantly greater risk for the development of thromboembolic 
complications than the typical general surgical or trauma pa¬ 
tient. All elements of Virchow’s triad are met by the hyperco- 
agulable state induced by thermal injury, the prolonged immo- 
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bilization and frequent operative procedures necessary to 
achieve wound closure, and the potential for vascular damage 
secondary to multiple venous line insertions. 

The clinical significance of this complication is often debated. 
Some burn centers routinely administer low dose heparin 
prophylaxis to all thermally injured patients. Other centers 
reserve prophylactic heparin therapy for use in those patients 
with additional major risk factors for thromboembolism. These 
include advanced age, previous history of venous thrombosis, 
obesity, lower extremity trauma, and malignancy. These inves¬ 
tigators contend that the risk associated with prophylactic 
heparin therapy exceeds the risk of the disease process itself. 
The purpose of this study is to determine the incidence and 
clinical significance of thromboembolic complications in a pop¬ 
ulation of thermally injured patients. 

Methods and Materials 

The charts of all thermally injured patients admitted to the U.S. 
Anny Institute of Surgical Research during the period from 
January 1, 1980 to December 31, 1989 were reviewed for 
evidence of thromboembolic complications. The patient age, 
burn size, and the presence of established risk factors were 
recorded. The incidence of deep venous thrombosis (DVT) and 
pulmonary thromboembolism (PTE) was segregated by age and 
bum size by use of a multiway table. Log linear analysis was 
performed to identify associations between incidence, age, and 
bum size. The signs and symptoms of thromboembolism as well 
as the method of documentation were recorded. Pulmonary 
embolism was diagnosed by either ventilation/perfusion scan or 
pulmonary angiogram. Deep venous thrombosis was diagnosed 
by Doppler flow studies or venogram. Patients in whom the 
diagnosis of thromboembolism was made postmortem had 
autopsy documentation of their disease. 

All central venous access lines and sites were changed every 
3 days to minimize the occurrence of suppurative thrombophle¬ 
bitis. To reduce disuse atrophy and optimize functional recov¬ 
ery, all patients received passive range of motion exercises and 
active mobilization when their clinical condition permitted. 
Low dose subcutaneous heparin therapy was employed in 
presumed high risk patients at the discretion of the clinician. 
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Table 1. Incidence of deep venous thrombosis in thermally ii\jured 
patients. 


Bum size 
(% TBSA) 

Age (yrs) 




<20 

21-40 

41-60 

>60 

<20% 

0/408 

0/398 

1/135 

1/87 

21-40% 

1/145 

3/234 

1/86 

1/69 

41-60% 

1/81 

5/147 

0/60 

1/33 

61-80% 

1/27 

1/61 

2/33 

0/12 

>81% 

0/12 

0/43 

0/21 

0/11 


TBSA; Total body surface area; Patients with deep venous throm¬ 
bosis/total number of patients. 


Results 

During the 10 year period of this study, 2,103 patients were 
admitted including 336 children. The mean bum size of all 
patients admitted during this time was 27.8% of the total body 
surface area (TBSA) and the mean age was 29.6 years. Three 
hundred sixty-nine patients died, for a mortality of 17.5%. 

Nineteen (0.9%) patients, including 2 patients with both DVT 
and PTE, developed clinically significant deep venous throm¬ 
bosis during their hospitalization. The mean age of the patients 
who developed significant DVT was 36.7 years (range 1-81 
years) and the mean bum size was 48.3% TBSA (range 14-89 
TBSA). The segregation of the occurrence of DVT by age and 
bum size is shown in Table 1. Log linear analysis revealed a 
weak association between bum size and the incidence of DVT, 
but not between age and DVT. The average time of diagnosis 
was on postbura day 40. Twelve (63.2%) patients had sustained 
inhalation ii\jury requiring mechanical ventilatory support with 
positive end expiratory pressure (PEEP). Thirteen (68.4%) 
patients had bums of the lower extremity requiring excision, 
grafting, and postoperative immobilization. Five (26.3%) pa¬ 
tients were considered to be obese as determined by the 
subjective assessment of the admitting physician. No patient 
had a prior history of myocardial infarction. Six (31.6%) pa¬ 
tients had femoral venous access lines inserted prior to diagno¬ 
sis. 

Twelve of 19 patients had clinical evidence of lower extrem¬ 
ity swelling, and 9 patients complained of calf and/or inner thigh 
pain, or had erythema or increased calf calor. Venography was 
employed in 9 patients and Doppler flow studies were utilized 
for diagnosis in 3 patients. In 7 patients, including 2 children, 
DVT was diagnosed only at autopsy. 

Only 1 patient had received prophylactic low dose intermit¬ 
tent heparin therapy prior to diagnosis. All patients in whom a 
diagnosis of DVT was made antemortem were anticoagulated 
with continuous intravenous heparin for 5 to 10 days. Surviving 
patients were discharged on oral warfarin. 

Twenty-five (1.2%) patients, including 2 children, were diag¬ 
nosed as having clinically significant pulmonary embolism. One 
patient developed recurrent pulmonary emboli during hospital¬ 
ization. The mean age of the patients who were diagnosed with 
pulmonary embolic events was 40.0 years (range 1.5 to 84 
years) and the mean TBSA burned was 49.3% (range 12.5 to 
84%). Segregation of patients with pulmonary embolism by age 
and bum size is depicted in Table 2. Log linear analysis 
revealed a weak association between bum size and incidence of 
pulmonary embolism, but not age and incidence. The average 


Table 2. Incidence of pulmonary embolus in thermally injured 
patients. 


Bum size 
(% TBSA) 

Age (yrs) 




<20 

21-40 

41-60 

>60 

<20% 

0/408 




21-40% 

0/145 




41-60% 

1/81 




61-80% 

1/27 




>81% 

2/12 






Fig. 1. Photograph demonstrating fatal pulmonary embolus in a mor¬ 
bidly obese bum patient. The arrows indicate thrombus within the 
pulmonary vessel. 


postbum day of presentation was 31. Sixteen (69.5%) patients 
had inhalation injury requiring mechanical ventilation and 
PEEP. Twelve (52.2%) patients had bum injuries of the lower 
extremities requiring excision, grafting, and postoperative im¬ 
mobilization. Eight (34.8%) patients were considered to be 
obese by the examining physician. No patient had a past 
medical history of DVT, malignancy, or pulmonary embolus. 
Two patients, however, had a previous history of myocardial 
infarction. Thirteen (56.5%) patients had femoral venous access 
lines inserted during hospitalization. 

Presenting signs and symptoms included chest pain in 7 
patients, dyspnea in S patients, tachypnea in 6 patients, and 
hemoptysis in 3 patients. Three patients sustained cardiopul¬ 
monary arrest as a result of their embolic event (Fig. 1). 
Ventilation/perfusion scintigraphy was the method utilized to 
establish the presence of ^E in the 8 patients in whom an 
antemortem diagnosis was made. Three of these patients sub¬ 
sequently underwent pulmonary angiography to confirm the 
diagnosis. Significant pulmonary emboli were found in 15 
patients at autopsy only; however, in only 3 (0.14%) patients 
was pulmonary embolism thought to be directly responsible for 
death. Only 2 patients were noted to have had concomitant 
clinically evident DVT during hospitalization. One was diag¬ 
nosed antemortem by a Doppler flow study and the other 
patient, a child, was found to have a significant ileo-femoral 
thrombosis at autopsy. 
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Table 3. Incidence of pulmonary embolism in thermally injured 
patients. 


Author, yr, [ref] 

Pulmonary 

embolism 

Sevitt and Gallagher, 1961, [4] 

5.3% 

Pruitt el al, 1970, [6] 

0.55% 

McDowall, 1973, [7] 

0.49% 

Purdue and Hunt, 1988, [8] 

0.4% 


Four patients with PTE had received low dose heparin 
prophylaxis. Three of the 4 patients died during their hospital¬ 
ization, but in only 1 of these patients was the PTE considered 
to be the cause of death. Neither of the 2 patients with evidence 
of both DVT and PTE was managed with low dose heparin. All 
patients in whom an antemortem diagnosis of pulmonary em¬ 
bolus was made received continuous intravenous heparin ther¬ 
apy for a period of 3 to 30 days following diagnosis. AU 
surviving patients were discharged on oral warfarin. The 1 
patient with recurrent pulmonary emboli during hospitalization 
was inadequately anticoagulated as defined by laboratory coag¬ 
ulation indices. 

Discussion 

On the basis of Virchow's triad for the development of venous 
thrombosis, the thermally ii\jured patient appears to be at 
considerable risk for the development of clinically significant 
thromboembolic complications. Curreri and coworkers [2] re¬ 
ported dramatic elevations in platelet counts, fibrinogen, and 
factors V and VIII in the recovering bum patients. A recent 
investigation has also demonstrated a decrease in the levels of 
antithrombin III and protein C during the early post iqjury 
period [3]. These factors, particularly if dehydration develops 
following thermal iitjury, may promote a hypercoagulable state. 
Immobility, as a consequence of prolonged ventilatory support, 
lower extremity thermal ii\jury, and frequent operative inter¬ 
vention, predisposes to venous stasis. Finally, the frequent 
utilization of central venous access catheters, particularly those 
inserted in the femoral vein, is associated with vascular trauma. 

The risk of thromboembolism in trauma patients is thought to 
be increased. Sevitt and Gallagher [4] reported a 16% incidence 
of pulmonary embolism and a 65% incidence of deep venous 
thrombosis in an autopsy series of injured patients, llie same 
authors, however, reported a lower overall incidence in autop- 
sied thermally ii\jured patients (5.5%) (Table 3). Warden and 
colleagues [5] reported that pulmonary emboli are common 
postmortem findings in bum patients, occurring in as many as 
30% of patients autopsied. The diagnosis of antemortem em¬ 
bolic events is much less common. Pruitt and associates [6] 
reported a 0.55% incidence of pulmonary emboli in a cohort of 
1,086 burned patients. In only 1 (0.09%) patient was the 
embolus considered to be the cause of death. McDowall [7] 
reported a 0.49% incidence of fatal pulmonary emboli in a series 
of 2,250 burned patients, with a 0.3% incidence of nonfatal 
emboli. Most recently, Purdue and Hunt [8] reported a 0.4% 
incidence of pulmonary embolus in a five year review of 
thermally iqjured patients. 

The frequency of deep venous thrombosis in thermally in¬ 


jured patients is less well established. McDowall [7] reported 
only 2 patients with clinically evident deep venous thrombosis 
in a series of 1,000 consecutive admissions. 

The use of low-dose heparin as prophylaxis for thromboem¬ 
bolic events is based upon the multicenter study of Kakkar and 
coworkers [9] which reviewed the safety and efficacy of such 
prophylaxis in postoperative surgical patients. A 1.2% inci¬ 
dence of clinically significant pulmonary emboli was reduced to 
0.4% with low-dose heparin therapy. This same study reported 
clinically evident deep venous thrombosis in 4% of postopera¬ 
tive surgical patients, which was reduced to 1.9% with the use 
of low-dose heparin therapy. 

Low-dose heparin therapy is not without complications. 
Pachter and Riles [ 10] reported a 27% incidence of bleeding and 
wound complications in surgical patients treated with low-dose 
heparin immediately prior to operation and for 5 days following 
the operation in contrast to a 7.5% incidence of similar compli¬ 
cation in patients receiving only postoperative heparin therapy. 
Patients not receiving heparin had a 1.4% incidence of those 
complications. Heparin induced thrombocytopenia is a com¬ 
monly reported event. Comerota and White [11] have reported 
that the incidence of this complication is between 0.6-5% when 
patients are treated with low-dose heparin prophylaxis. Green 
and colleagues [12] attribute such thrombocytopenia to the 
development of an antibody directed against a heparin-platelet 
complex antigen. Kapsch and Silver [13] reported that heparin 
induced thrombocytopenia is not dependent on the route of 
administration, dosage, or source. Consequently, all patients 
receiving heparin are at risk for development of this complica¬ 
tion which may progress to paradoxical intravascular thrombo¬ 
sis. These authors estimated that the incidence of this compli¬ 
cation in patients receiving heparin therapy is 0.6%. 

The present series of 2,103 patients had a low frequency of 
clinically significant thromboembolic complications. In view of 
the comparable or increased frequency of complications asso¬ 
ciated with heparin therapy, routine heparin prophylaxis ap¬ 
plied to all patients appears unwarranted in thermally iqjured 
patients. Heparin prophylaxis should be reserved for those 
patients with a previous history of pulmonary embolism or deep 
venous thrombosis or the morbidly obese, particularly with 
concomitant lower extremity bum iitjuries that will require 
excision, grafting, and postoperative immobilization. Our re¬ 
cent review [14] revealed a significant risk of pulmonary embo¬ 
lus in the morbidly obese bum patient. Seven patients were 
identified as meeting the strict criteria of morbid obesity, 100 
pounds over ideal body weight or 100% excess in body weight, 
and 4 (57.1%) of these patients suffered pulmonary embolism 
during their hospital stay. Our data indicate a relationship 
between the incidence of thromboembolic complication and 
bum size, but not age. In addition, a significant percentage of 
our afflicted patients had deep lower extremity bums, a com¬ 
mon finding in patients with large bums. This, in cot\junction 
with our earlier review [14], would suggest a potential benefit of 
heparin prophylaxis in a select group of patients with large 
bums that include the lower extremity as well as the morbidly 
obese bum patient. 

It is likely that the most effective preventive measure in this 
patient population, as with most surgical patients, is early 
mobilization and the regular rotation of venous access line sites 
so as to avoid unnecessary venous trauma. Routine pharmaco- 
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logic intervention in all burned patients appears to be largely 
unwarranted and perhaps hazardous. 

Rdsumd 

La frequence de complications thromboemboliques chez le 
brdld varie entre 0.4% et 7%. La signification clinique de ces 
dvinements est souvent discutde mais a incitd plusieurs dquipes 
h utiliser de fa$on systdmatique et prophylactique de I’hdparine 
h bas poids moldculaire (HBPM). D’aprds une revue de 2,103 
dossiers de brOlds soignds dans notre centre, 25 patients (1.2%), 
d’flge moyen de 40.0 ans, et ayant une surface corporelte totale 
brOlde moyenne de 49.3%, ont eu une embolie pulmonaire avec 
retentissement clinique. Pour trois d'entre eux (0.14%), I'em- 
bolie a dtd considdrdee comme la cause du ddcds. Dix-neuf 
patients (0.9%) d’fige moyen de 36.7 ans et ayant une surface 
corporelle totale brOlde moyenne de 48.3%, ont ddvdloppd des 
signes de thrombose veineuse profonde. Seul un de ces patients 
(0.05%) a eu par la suite un embolie fatale. Selon une revue de 
la littdrature, I’incidence de complications en rapport avec 
I’utilisation d’HBPM, comprenant rhdmorragie, la thrombocy- 
topdnie et la thrombose artdrielle, oscille entre 0.6% et 5%. 
Nous pensons que la relative basse frequence de thromboem- 
bolie pulmonaire associde k un taux non ndgligeable de compli¬ 
cations en rapport avec I’emploi d'HBPM vont contre son 
utilisation systdmatique chez le brOld sauf chez les patients k 
haut risque de thromboembolie. 

Resumen 

La incidencia de complicaciones tromboenbdlicas en pacientes 
quemados ha sido estimada entre 0.4% y 7%. La significacidn 
clfnica de estos fdnomenos es frecuentement discutida y ha 
hecho que algunos centres adopten rutinariamente la profilaxis 
con heparina de bqja dosificacidn. Se emprendid la revisidn de 
2103 pacientes quemados tratados en esta institucidn en el 
curso de 10 anos. Veinticinco pacientes (1.2%) con una edad 
media de 40.0 anos y un promedio de drea corporal quemada de 
49.3%, fueron identificados como casos de tromboembolismo 
pulmonar signiheativo. En sdlo tres pacientes (0.14%) se con- 
siderd que el tromboembolismo fue la causa de muerte. Diecin- 
ueve pacientes (().9%), con utia edad promedio dc 36.7 aAos y 
un drea de quemadura de 48.3% de la superficie corporal total, 
desarrollaron trombosis venosa profunda cllnicamente evi- 
dente; sin embargo, sdlo en un paciente (0.05%) la enfermedad 
avanzd hasta el fromboembolismo pulmonar. fatal. 

Una revisidn de la literatura re veld una incidencia de com¬ 


plicaciones relacionadas con la heparina de btga dosificacidn de 
0.6-5%; tales complicaciones incluyen sangrado, trombocitope- 
nia y trombosis arterial. Crsemos que la rareza del tromboem¬ 
bolismo pulmonar y la tronibosis venosa profbnda cllnicamente 
significativos en los pacientes quemados y el riesgo, compara¬ 
ble o mayor, de complicaciones asociadas con la profilaxis con 
heparina, militan en contra de su uso rutinario, excepto en 
pacientes con alto riesgo de desarrollar tales fendmenos. 
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Invited Commentary 

Cleon W. Goodwin, M.D. 

Department of Surgery, Cornell University Medical College, New 
York, New York, U.S.A. 

The role of anticoagulation in the prevention of thromboembo¬ 
lism in burned patients currently is unknown, as it is more 
generally for non-bum trauma. Patients with acute spinal cord 
ii\jury and hip fractures are the mruor groups that benefit from 
prophylactic regimens of anticoagulation [ij. Whether or not to 
use anticoagulation in burned patients presents significant med¬ 
ical-legal problems, especially when interpreted by expert con¬ 
sultants with no experience in the treatment of patients with 
severe ii\jury. The use of prophylactic heparinization in burned 
patients is problematical because of the increased risk of 
thrombocytopenia and of bleeding, particularly under newly 
placed skin grafts. Heparin itself may cause thrombosis, and 
often accentuates the coagulation abnormalities associated with 
the presence of large inflammatory wound surfaces and sepsis. 

In a previous study, the present authors describe a series of 
210 patients with large bums [2]. Ninety-three patients died, 
three quarters from infection. In this bum center with a 
universal autopsy rate, only 1 patient was found to have 
pulmonary embolism. Overall, the morbidity and mortality in 
this series was related to age, bum size, and the presence or 
absence of inhalation ii\jury. 

What is impressive about the present paper is the exceedingly 
small number of patients developing thromboembolic phenom¬ 
ena. In 2,103 patients consecutively studied over 10 years, there 
was a 1.2% incidence of pulmonary embolism and in only 3 
(0.14%) patients was this complication judged to be the cause of 
death. Further, 19 (0.9%) patients developed deep venous 
thrombosis, and only 1 of these developed fatal pulmonary 
embolism. The authors report a very weak association between 
bum size and thromboembolic phenomena but this relationship 
is not supported by their previous study [2]. Our experience at 


the Bum Center of the New York Hospital-Coraell Medical 
Center suggests that patients with smaller bums appear more 
susceptible to venous thrombosis. 

Who should receive anticoagulation and can these rare 
burned patients who are likely to develop thromboembolic 
disease be identified and treated? Bum size is a poor predictor 
at best and probably should not be used as a treatment criterion. 
Otherwise, the authors’ recommendations for low dose prophy¬ 
lactic heparinization appear reasonable. Grossly obese patients 
and those with small lower extremity bums treated with splints 
and dressings should receive low dose heparin if prolonged 
mobilization is anticipated. Early physical therapy and ambu¬ 
lation is a mqjor preventative measure in these patients and may 
obviate the need for low dose heparinization. 

Lower extremity swelling, especially if the patient has leg 
bums, is very common in burned patients and should be 
evaluated with noninvasive venous studies; however, most 
such studies indicate the absence of deep vein thrombosis. If 
deep vein thrombosis is identified, these patients should be fully 
anticoagulated, first with heparin and later with coumodin. In 
addition, patients with proven (by ventilation-perfusion scan 
and/or pulmonary angiogram) pulmonary embolism also should 
be fully heparinized. 

The incidence of thromboembolism in burned patients is so 
low, at least with bum care as practiced by the United States 
Army Institute of Surgical Research and its clinical descen¬ 
dants, that controlled clinical trials probably are impossible to 
carry out. As such, the need for the various forms of anticoag¬ 
ulation must be individualized for each patient, realizing that 
the treatment in some cases may be as hazardous as no 
treatment. 
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